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INTRODUCTION
The emergence of the Internet has given people access to an information environment with several unique and outstanding qualities. First, the Internet contains vast amounts of information-as of August 2005, the search engine Google contained an index of more than 8 billion Web pages [Google 2005] . Second, this information is interlinked, allowing a person to jump from page to page. Third, the information can be accessed relatively rapidly, depending on the speed of the connection. Lastly, the Internet provides search tools, services, indexes, and directories that help the user find information. Yet despite these virtues, for many people the activity of information seeking continues to be problematic [Pew Internet and American Life Project 2004] .
Many of the issues concerning information seeking on the Internet are similar to those that continue to confront traditional information retrieval (IR) research [Baeza-Yates and Ribeiro-Neto 1999] . Historically, IR systems were viewed as technological artifacts that required search experts to perform search and retrieval activities. With the introduction of user-centered perspectives to library and information science, the research agenda shifted away from studying experts and toward examining the capabilities and limitations as well as the information needs of end-users interacting with these IR systems [Nahl 1997; ]. It was not until the late 1990s that we began to see an emphasis on user-centered Internet information seeking (e.g., Wang et al. [2000] ).
The goal of the study reported in this article was to investigate the influence of various domains of Internet-related knowledge and cognitive abilities on Internet information-seeking performance by older adults. The focus was on health-related information as older adults are likely to search for this type of information. In this regard, the study contributes to the growing body of research issues concerning e-health [Bass 2003 ]. As noted by Powell et al. [2003] , the Internet is altering the knowledge-based balance of power between healthcare professionals and healthcare consumers. Essentially, it is spurring the public to become more involved in healthcare decision making by enabling access to data and information that was previously inaccessible. The Internet thus has the potential to empower older adults by providing information that could help them deal more effectively with issues that could impact their health, independence, and well-being.
Despite an increasing older adult population-by 2030, people aged 65 and older will make up 20% of the US population [U.S. Department of Health and Human Services 2001]-research on this group's ability to use the Internet to find information has been limited, especially when the information-seeking activities relate to problem solving and decision making. Of particular concern for older adults is that the inherent complexity of the Internet may make it difficult for them to negotiate Web sites and utilize available resources. In addition, information seeking is an activity that places heavy demands on cognitive abilities such as working memory, spatial ability, and reasoning. For many older adults who have limited experience and knowledge concerning the Internet and exhibit declines in cognitive abilities, effective Web-based information seeking can be a daunting task. The contention here is that understanding the factors which hinder and influence older adults' Internet information-seeking activity can lead to the design of better Web sites, search engines, and instruction that takes into account the capabilities and limitations of older adults.
Modeling Information-Seeking Behavior
Information-seeking behavior has been the focus of much research and theoretical activity. The methodology of this study was based on an Internet information-seeking model ( Figure 1 ) that was influenced primarily by the work of Sutcliffe and Ennis [1998] and Marchionini [1997] , but also by several other researchers including Borgman [1986; 1996] and Kulthau [2003] .
The theoretical framework proposed by Sutcliffe and Ennis [1998] consists of four cyclical cognitive activities: problem identification, need articulation, query formulation, and results evaluation. Problem identification involves identifying the information need from a problem statement. During need articulation, the information seeker expresses the information need by selecting low-level terms from long-term memory, which may lead to a refinement or restatement of the information need. Query formulation is the process of generating queries and depends on the information seeker's skill level and on the capabilities and possibilities of the IR system. Finally, results evaluation is a decision-making process whereby the information seeker decides whether to accept the retrieved results or continue searching for more results. The framework of Sutcliffe and Ennis also attributes four types of knowledge to each information seeker: (1) domain knowledge (knowledge about the specific domain searched); (2) device knowledge (knowledge regarding system support facilities for browsing, querying, and evaluating results); (3) information resources knowledge (knowledge regarding the specific database(s) that can be searched by a system); and (4) IR knowledge (knowledge of search strategies).
Marchionini [1997] conceptualized information seeking as guided by analytical strategies at one end of a continuum and browsing strategies at the other end. Analytically-guided search occurs when querying a Web search engine and reviewing the results, whereas with browsing the search has a serendipitous quality and the information-seeking goal is attained more indirectly. He proposed a process model of information seeking consisting of several subprocesses that can be run in parallel: recognize and accept the problem; define the problem; select the source; formulate the query; execute the query; examine the results; extract information; and reflect, iterate, or stop.
Overall, the model depicted in Figure 1 is consistent with the view of information seeking as a problem-solving process [Mayer and Whittrock 1996; Marchionini 1997] , whereby the problem-solver's knowledge and other mental representations are manipulated in order to achieve a goal. The problemsolving process consists of three subprocesses: representation, planning, and execution. During representation, the problem statement is internalized through the creation of a mental representation of the facts. In Figure 1 , this is represented by the Problem Orientation component. The planning process consists of generating a method for coming up with a solution, which often requires breaking the problem up into parts or subgoals; in Figure 1 , aspects of Problem Orientation as well as the Facets component represent the planning process. Execution involves carrying out the operations that were developed during the planning process. These processes are iterative in nature (depicted by the iterative loops in Figure 1 ) as planning may spur further insights into the problem and thus promote modified problem representations. Also represented in the model are the potential impacts of domain and technical system knowledge and the potential role of cognitive abilities during navigation and evaluation activities related to information seeking.
Taken together, knowledge and cognitive abilities are assumed to be critical in keeping the user oriented, that is, in preventing the user from getting confused or lost. These factors are expected to assume an even greater role, especially for older adults, as the problem-solving (i.e., information-seeking) process becomes more complex. Problems can generally be described as consisting of an initial state, a goal state, and a set of allowable operations and constraints that govern transitions between states. When problems are complex or ill-defined, one or more of these components may not be clearly specified [Chi and Glaser 1985] , and the information-seeking process can become exceedingly challenging. Overall, the information-seeking model depicted in Figure 1 provides the basis for the emphasis in this study on knowledge, cognitive abilities, and problem complexity.
Knowledge and Mental Models
The relationship between knowledge and information-seeking performance is far from unequivocal. In examining the effects of knowledge about hypertext and search experience on search performance using a hypertext-based bibliographic search system, Dimitroff and Wolfram [1995] found that individuals with little or no search experience did as well as those with knowledge of hypertext-searching techniques. In contrast, Bhavnani [2001] found that search experts working within their domain of expertise were able to use domain-specific declarative knowledge related to URLs (Web addresses) to directly type in the URL of a useful Web site, which led to effective searches. However, when they searched for information outside their domain of expertise, they relied on general-purpose search knowledge and on clicking links, which led to ineffective and, at times, aborted searches.
Another important and related construct in Internet information seeking is that of mental models. These models are essentially mental representations that embody information about the structure, function, relationships, and other characteristics of objects in the world, and thus can help people explain and predict the behavior of things in the world around them [Craik 1943; Brewer 2003 ]. The importance of mental models for successful informationseeking behavior was noted by Borgman [1986] , who found that subjects trained with an analogical model of an online system (training manuals described the online system in terms of a card catalog) performed better in a complex task condition, but not in a simple task condition, and suggested that mental models might be useful in situations where problem-solving behavior was required (i.e., when no method of solution is obvious). A number of other researchers, including Liebscher and Marchionini [1988] , Slone [2002] , and Zhang and Chignell [2001] , have used the concept of mental models as a theoretical basis for their information retrieval and Web studies.
Cognitive Abilities
Few if any studies on Internet information seeking have examined the role of the user's cognitive abilities in relation to search performance. Evidence from studies on database information search and retrieval indicates that agerelated declines in many cognitive abilities may make this factor especially important when examining the Internet information-seeking performance of older adults. For example, in a simulated health insurance customer service task, Czaja et al. [2001] found that factors such as working memory and spatial skills influenced search performance. In a simulated telecommuting task in which older adults were required to respond to queries from fictitious customer emails by navigating through a database configured in the form of a hyperlinked information environment similar to the Internet, measures of verbal ability, memory span, attention/concentration, and perceptual speed were found to strongly predict performance [Sharit et al. 2004] .
Another aspect of cognition that can have important implications for Internet information-seeking performance is as measured by the visual recognition Group Embedded Figures Test that assesses susceptibility to visual interference. This measure can differentiate those individuals whose perception is dependent on the organization of the surrounding perceptual field (i.e., field dependent (FD)) from those whose perception is independent (i.e., field independent (FI)) of such influences [Sternberg and Grigorenko 1997] . Its relevance to Internet information-seeking performance derives from the results of a number of studies that have incorporated the FD/FI distinction. For example, Weller et al. [1994] found that FI participants accessed more hypermedia nodes and achieved greater learning than their FD counterparts. They proposed that the FD/FI distinction reflects how well a learner restructures the information presented in a hypermedia-type information environment by relying on salient cues and the arrangement of elements in the perceptual field. Palmquist and Kim [2000] found that in comparison to FI novice users, FD novice individuals used more embedded links (ordinary Web page clickable links), which reflected a more passive navigational style, and became lost more frequently. These researchers concluded that FD novice users should receive special attention from Web designers in the form of well-structured and visually simple Web sites.
Study Objectives
An important objective of this study was to investigate the relationship between Internet-related knowledge and information-seeking performance and whether this relationship differs depending on whether the search problems are simple or complex. Toward this end, a structured interview instrument was developed to assess four different types of declarative (factual) and procedural (how one does something) knowledge: general Internet, Web browser, simple search, and advanced search. In addition, the Pathfinder methodology [Dorsey et al. 1999 ] was used as a means for evaluating the importance of Internet-related structural knowledge (how key concepts regarding the Internet and Web-based information search are related) for search performance.
Another objective was to evaluate the mental models people have concerning the Internet, Web browsers, and search engines and how these mental models impact search performance on both simple and complex problems. For this analysis, selected items from the structured interview instrument were examined.
In light of findings regarding the importance of cognitive abilities for older adult information-seeking performance, a key objective of this study was to determine if cognitive abilities predicted performance after accounting for Internet-related knowledge. Also of interest was determining how problem complexity might influence which cognitive ability measures are predictive of performance and if age had an influence on performance after both knowledge and cognitive abilities were taken into account.
Overall, the goal of this research was to provide a better understanding of the factors that influence the ability of older adults to find information on the Internet. Knowledge of this type is fundamental to the development of guidelines for interface designs and instructional strategies that are tailored to the specific needs of older adults.
EXPERIMENTAL METHODS

Sample
A sample of 40 older adults was recruited in two age groups: a younger-old group (60-70 years of age, M = 65.2, SD = 3.17, n = 20) and an older-old group (71-85 years of age, M = 76.7, SD = 4.08, n = 20). A comparison group of 10 younger adults (18-39 years of age, M = 27.9, SD = 6.39) was also included in the study to establish benchmark performance comparisons. There were 17 males and 33 females in the sample; 2 males and 8 females in the younger group, 8 males and 12 females in the younger-old group, and 7 males and 13 females in the older-old group. With respect to ethnicity, the sample consisted of 5 Black/African-Americans, 31 White/Caucasians, 11 Hispanic/Latino, and 3 other ethnicities. The highest education attained for the younger group was as follows: 8 with some college, 1 with a bachelors degree, and 1 with a masters degree; for the younger-old adults: 1 with high school, 11 with some college, 1 with a bachelors degree, 4 with a masters degree, and 3 with an advanced degree; and for the older-old adults: 1 with high school, 6 with some college, 5 with a bachelors degree, 1 with some graduate school, 4 with masters degree, and 3 with an advanced degree. The reason for the relatively large "some college" classification for the younger participants was because many of these participants were still pursuing their undergraduate degrees. Grouping education level into the following two categories-some college and below, and bachelors degree and above-resulted in no significant differences in education level between the 20 younger-old adults and the 20 older-old adults, X 2 (df = 1, n = 40) = 0.11, p > .05. All participants had at least minimal Internet and Web-based search engine experience and spoke fluent English.
Setting and Materials
Performance of the Internet search tasks, the Pathfinder task, and administration of the structured interview instrument took place in an office equipped with the experimental computer workstation. Participants performed their information search tasks on a Dell computer system that had a 19" flat panel display, mouse, and high-sensitivity microphone, and accessed the Internet [Jackson 1998] through the University of Miami's high-speed broadband connection. The system was configured with Microsoft Internet Explorer 6.0, the Hypercam 2.10.00 screen capture utility [Hyperionics Technology 2006] , Weblogger software [Reeder et al. 2000] , Windows Media Player, and PCKNOT software for Pathfinder network analysis [Interlink 1998 ]. The Hypercam screen capture utility enabled each participant's onscreen task to be recorded in the form of a Windows-based digital movie. This movie was used primarily for review purposes. Verbal protocol data was also captured using this software. The Weblogger application, which creates a visual map in Microsoft Visio of the participants' solution path through the Internet, was used to collect time and URL information related to the participants' information-seeking moves.
Procedure
The study was conducted over two days. On the first day, a battery of tests consisting of 21 standardized measures of component cognitive abilities was administered to each participant in a group testing format. These measures are widely used in the literature and have demonstrated reliability and validity. The measures were chosen to assess a broad range of abilities including verbal fluency, psychomotor speed, perceptual speed, attention/concentration, long-term memory, memory span, working memory, spatial-visualization ability, reasoning, and lifelong knowledge. There were at least two markers for each of the abilities. Details concerning this cognitive battery can be found in Czaja et al. [2006] . A list of the component cognitive abilities and their corresponding markers is presented in Table I . For this study, we also included the Group Embedded Figures Test as the distinction between FI and FD styles has been shown to be related to information-seeking performance.
· 3: 9 The US Government has a department that deals with aging and issues which concern older adults. Find a Web site for one of these departments, the Administration on Aging.
1(b)
In the Administration on Aging Web site, find a Web page containing information on ways to remodel a home or apartment that make it more senior-friendly or more comfortable for older adults. Flu season is coming around and you're interested in getting a flu shot. However, you want to be sure you don't belong to the group of people who should not receive this shot. Find information on at least 3 types of people who should not get a flu shot. 4
You've decided that you want to get back in shape. Using the Internet, find information on 5 things you can do to get back into shape. Remember that these recommendations must be appropriate for your age. 5
A friend of yours uses a wheelchair. He wants to get a new one and has asked you to help him find information on the Internet regarding new models and prices. Wheelchairs are also known as mobility solutions and you can recommend new designs that don't look like traditional wheelchairs but are still recommended for older adults. Find 3 mobility solutions and corresponding prices for your friend. They cannot all be wheelchairs.
Additional instruments also completed on the first day included a demographic and health questionnaire, a technology and computer experience questionnaire, and a Web experience questionnaire. On the second day, participants completed the individualized testing protocol that included tests of vision (Snellen Near and Far), psychomotor speed, attention, and the Group Embedded Figures Test. Following a lunch break, they were given a brief introduction to the experiment and a short introduction to the verbal protocol methodology and accompanying exercise. The exercise consisted of having the participant imagine his or her home and then count aloud all of the windows they encountered as they mentally traversed the space.
The participants then proceeded to find information that would answer six information problems (Table II) that were presented in a fixed sequence. The simplest problems, 1(a) and 1(b), were presented first. A randomized order was used for selecting the sequence for the remaining four problems. The same order was used for all participants. Each question was printed on a separate laminated card. To perform their searches, participants were free to use any search engine and any approach to solving the problem as long as they found it somewhere on the Internet (e.g., they could proceed directly to a Web site or Web page by using its URL). The experimenter then launched the Web browser, cleared the history feature, and pointed the browser to Google's homepage. The Google search engine was selected because it is a general-purpose search engine with a simple interface and powerful search features. Although its use was not required, in almost all cases, the participants chose to conduct their searches using Google. Participants were handed each of the problems, one at a time, on laminated cards. After reading the card, the subject placed it on a stand next to the computer. Participants had up to 15 minutes to solve each problem. However, in a few cases where it was judged that the participant was close to a solution, the time limit was exceeded by a few minutes. All of the problems dealt with medical, health, and wellness-related issues. Problems classified as complex were generally ill-structured, with the exception of problem 3 (concerning flu shots).
The experimenter monitored the participant's search process. By examining the final screen outputs and guided by a scoring sheet, the experimenter determined the correctness of the answer offered as a solution to each of the problems. As discussed in the following section, problems were scored as incorrect, partially correct, or correct.
After completing the search tasks participants were given a rest break, and then a brief introduction to the Pathfinder task. This task required judging the relatedness of a pair of concepts displayed on the Pathfinder PCKNOT software computer window, which were drawn from a pool of Internet and search-related concepts. For this study, a total of 14 concepts were used (Table III) . Participants provided pairwise ratings by entering a number from one (Unrelated) to nine (Related). Most of the participants completed the 90 pairwise ratings in under 15 minutes. These data were then analyzed by software (PCKNOT) that can generate a graphical network representation of the participant's knowledge structure for these concepts and that also computes a similarity rating that compares each participant's Pathfinder network to that of a referent (e.g., expert) network.
Finally, each participant took part in a structured interview that consisted of questions that assessed declarative and procedural knowledge related to Internet information seeking. This instrument contained 74 questions divided into · 3: 11 four parts: a general Internet section, followed by a section on Web browsers, and ending with a two-part section related to simple and advanced Internet search knowledge. In addition to fundamental factual knowledge, the questions also required demonstration of practical hands-on knowledge related to Internet information seeking. Contained within this 74-item instrument 1 were 10 questions that specifically probed the participant's mental models of the Internet, Web browser, and search engine (Table IV) . All questions were read aloud to the participant who was required to verbalize a response. The participant's response was immediately rated by the researcher. The scoring of the structured interview questions varied according to the nature and complexity of the question. Some questions were simply marked correct or incorrect. Other more complex questions were scored correct, partially correct, or incorrect, and, for some questions, the score reflected the number of correct items identified by the participant (e.g., all that apply). The maximum possible score was 300. The structured interviews were audio-taped.
All participants were compensated $75.00 for their participation in the study. The study protocol was approved by the University's Institutional Review Board.
Measures
The primary measures of this study were: (1) task performance scores for simple, complex, and all problems; (2) knowledge subcategory domain scores and a total knowledge domain score; (3) Pathfinder similarity scores; (4) cognitive ability test scores, including the Group Embedded Figures Test; and (5) measures of education and Web experience.
For each participant, a task performance score (TPS ij ) was computed corresponding to the performance of person i on problem j. This performance score was a function of problem correctness, problem completion time, and problem complexity. It proved to be more sensitive than either time or accuracy alone and had good (normal) distributional characteristics.
TPS ij was computed as follows. First, for any given problem j, the participants were divided into three groups according to how correctly they answered the problem: those that provided incorrect answers or no answer to the problem, those that provided partially correct answers to the problem, and those that answered the problem correctly. Let c ij represent the category of correctness for participant i on problem j. If the problem solution was incorrect, c ij = 0; if the problem solution was partially correct, c ij = 1; and if the problem solution was correct, c ij = 2. All problems had to be answered from information found on the Internet (i.e., they could not be answered based on the participant's prior knowledge of the problem content).
Next, "time to completion" of the problem was considered. Let tc ij represent the time to completion value assigned to participant i on problem j. These values were only assigned to participants whose problem solutions were either correct or partially correct (for those participants whose solutions to problem j were incorrect, TPS was assigned a value of zero for that problem). For those participants whose solutions to problem j were partially correct, tc ij = tmax j /t ij , where tmax was the time taken by the slowest participant whose solution to problem j was partially correct, and t ij represented the time each participant within this group took to complete that problem. Thus, for those participants whose completion of problem j was partially correct, the participant who had the longest completion time, that is, when t ij = tmax j , had a tc ij value of one. Faster completion times (i.e., t ij < tmax j ) indicated better performance and led to tc ij values greater than one.
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For those participants who completed problem j correctly, their tc ij values were computed as follows. First, the highest tc ij value from the next best group, the partially correct group, was determined. This value was then added to the tmax j /t ij value computed for each participant who had completed problem j correctly. Thus, any participant who answered problem j correctly would be assigned a higher tc ij value than any participant in the partially correct group.
Finally, problem difficulty weights, d j , were assigned to each problem j. Based on the consensus of three of the study's investigators, problem difficulty was rated on a four-point scale with the easiest and hardest problems assigned weights of one and four, respectively. Problem weights were derived according to the number of answers the problem required and whether any of its parts, such as initial conditions or expected outcomes, were not well-defined. The weights were assigned as follows: 1 for problems 1(a) and 2; 2 for problem 1(b); 4 for problem 3; and 3 for problems 4 and 5.
For any given problem j, the task performance score of participant i was computed as TPS ij = c ij × tc ij × d j . As indicated before, if participant i completed problem j incorrectly, then TPS ij = 0 because c ij = 0.
A participant i's overall task performance score was derived by summing TPS ij across all j problems. For each participant, task performance scores were also derived for two categories of problems: simple and complex. The task performance score for simple problems was computed by summing TPS ij across problems 1(a), 1(b), and 2; the task performance score for complex problems was computed by summing TPS ij across problems 3, 4, and 5. Simple problems generally dealt with common conditions, required few answers, and were relatively well-defined, whereas the complex problems generally dealt with uncommon conditions, required many answers, and were more ill-defined.
We included the measure of overall task performance in the analyses as it reflects a complexity-free measure. That is, it provides a measure of task performance that is not based on subjective judgment with respect to the classification of problems into simple and complex categories. Also, by aggregating scores from more problems, the overall task performance measure is expected to provide more reliable statistical results.
RESULTS
Task Performance, Internet-Related Domain Knowledge, and Age
As noted, measures of simple task performance, complex task performance, and overall task performance measures (performance on all problems) were computed. In addition, four measures of Internet-related domain knowledge as well as the total knowledge score (their sum) was computed for each participant. The means and standard deviations for each of the knowledge measures are presented in Table V . Means and standard deviations for each of the three task performance measures are presented in Table VI (note that complex problem performance scores were higher than those for simple problems because they were given more weight). As previously described, we also categorized the sample of older participants into younger-old and older-old adults. Table VII presents the correlations between the three task performance measures and each of the knowledge scores. These data indicate different patterns in relationships between the knowledge and the task performance measures across the younger-old and older-old age groups. Specifically, significant correlations between the various knowledge scores and the task performance measures, especially for performance on all problems, were much more evident for the younger-old participants. Also evident from this analysis was the importance of Internet knowledge for the simple problems and advanced search knowledge for the complex problems for both the younger-old and the older-old participants.
To further examine the relationship between knowledge and performance, total knowledge scores were recoded into four quartile groups: 1 st quartile (worst knowledge scores), n = 10; 2 nd quartile, n = 10; 3 rd quartile, n = 10; and 4 th quartile (best knowledge scores), n = 10. Using overall task performance as the dependent measure, the analysis of variance (ANOVA) procedure was then used to test for differences in performance as a function of knowledge quartile. A significant effect of quartiles was found, F[3,36] = 4.90, p < .01 (Figure 2 ). Post-hoc tests using Tukey's HSD revealed significant differences between the 1 st and the 3 rd quartiles ( p < .05) and between the 1 st and the 4 th quartiles ( p < .01). Similar results were found for the simple and complex problems.
Interestingly, although Figure 2 implies a monotonically increasing relationship between overall performance and total knowledge, the top five performers had a mean performance score of M = 293.36 (SD = 39.25) and a mean knowledge score of M = 141.6 (SD = 45.87), while the individuals who had the top five total knowledge scores had a much higher mean knowledge score (M = 176.4, SD = 9.10) but a much lower mean performance score (M = 219.89, SD = 72.24).
Differences in knowledge between the younger-old and the older-old participants (Table V) were examined using t-tests. No significant differences were found for total knowledge or any of the four knowledge domains. However, when the performance of the 40 older adults was compared to that of the 10 younger adults (the comparison sample), a trend toward significance was found for total knowledge, t(48) = 2.00, p = .051, and a significant effect was found for the Web browser knowledge domain, t(48) = 2.80, p = .007, with the younger adults scoring higher in both cases.
Finally, differences in performance between the younger-old and older-old participants (Table VI) were examined on each of the three task performance measures: all problems, simple problems, and complex problems (these two groups did not significantly differ in previous Web experience). The results indicated that there were no significant differences on any of the three task performance measures. It should be noted, however, that when the performance of the 40 older adults was compared to that of the 10 younger adults, significant results were found for all problems, t(48) = 2.15, p= .037,as well as for complex problems, t(48) = 2.48, p= .023, but not for simple problems, t(48) = 0.94. In both cases, the younger adults achieved higher scores than the older adults (Table VI) .
Task Performance and Structural Knowledge (Pathfinder)
Pathfinder, a psychological scaling technique, was used in this study to examine the importance of Internet-related structural knowledge for task performance. Pathfinder's measure of structural knowledge, the similarity score, requires that each individual's network of relationships be compared to a referent network. In this study, the referent network consisted of the top five performers, based on the overall task performance measure, in the sample (Figure 3(a) ). An example of a single participant's Pathfinder network is shown in Figure 3(b) where the many links between concepts and the somewhat symmetrical nature of this network suggest poor structural knowledge.
The correlations between the Pathfinder similarity scores and each of the domain knowledge scores derived from the structured interview instrument were as follows: total knowledge, r(40) = .504, p < .01; Internet, r(40) = .41, p < .01; Web browser, r(40) = .439, p < .01; simple search, r(40) = .516, p < .01; and advanced search, r(40) = .316, p < .05. These data indicate relatively strong relationships between structural knowledge and the other knowledge measures. However, there were no significant correlations between the Pathfinder similarity scores and any of the three task performance measures.
Predictors of Information-Seeking Performance
A hierarchical regression analysis was performed to examine the extent to which cognitive abilities predicted task performance after accounting for the effects of knowledge and to determine the influence of age on performance after accounting for differences in knowledge and cognitive abilities. As noted earlier, a battery of tests consisting of 21 standardized measures of a broad range of component cognitive abilities was administered to each participant, with at least two markers for each of the abilities [Czaja et al. 2006] . From each of these component cognitive abilities, one marker was selected, based on the test measure that most highly correlated with the measure of overall task performance, to explore the role of cognitive abilities on Internet information seeking. In addition, we included the Group Embedded Figures Test score.
For these analyses, the total knowledge score was entered in the first step. We chose to use total knowledge as it served as the best measure of overall Internet-related knowledge. All ten cognitive ability measures as well as the Group Embedded Figures Test score were entered in the second step using the stepwise procedure. Age was then entered in the last step. Table VIII summarizes the results of each step of the procedure for each of the three task performance measures. Note that the second step actually consists of several substeps where each substep is the addition of a cognitive variable by the stepwise procedure. Given that we forced age into step 3 to examine the impact of age over and beyond the model in step 2 and that age was not a significant predictor of any of the performance measures after accounting for knowledge and cognitive abilities, the final models are those specified in step 2.
From Table VIII , the changes in R 2 obtained by adding a variable in step 2 can be derived by subtracting the R 2 value associated with the model without · 3: 17 that variable (the preceding R 2 value in the column) from the R 2 value associated with the model containing that variable. The beta values that are provided are the standardized beta coefficients. The squares of these coefficients can be used to obtain estimates of the relative contributions of the predictor variables to the overall variance of the performance measure.
Not surprisingly, the highest R 2 (.537) was found for performance on all problems as this measure reflected the largest number of problems performed by the participant. In addition to knowledge, three cognitive ability measures were found to be predictors of overall performance: reasoning, working memory, and perceptual speed, with each measure accounting for a reasonably large proportion of the variance in performance.
For performance on the simple problems, following the inclusion of total knowledge the only cognitive ability measure found to be significant was reasoning, resulting in a final model with R 2 = .388. Interestingly, knowledge was no longer significant when reasoning was added to the model. Finally, for the performance of the complex problems, following the inclusion of total knowledge, the only cognitive ability measure found to be significant was working memory, resulting in a final model with R 2 = .312. Also, in contrast to the final (step 2) model for performance on the simple problems, the knowledge variable remained significant even after the inclusion of working memory.
For the sample of 40 older adults, a weak correlation was found between age and overall task performance, r(40)= −.223, p = .083 and between age and complex task performance, r(40) = −.219, p = .087. Still, even for this restricted age range, there was a clear indication of a relationship between age and performance and specifically for performance on the complex problems. However, the results of the regression analysis clearly indicate that after accounting for knowledge and cognitive ability factors, the influence of age is negligible.
Task Performance and Mental Models
To understand the relationship between the user's mental model and performance, ten questions were extracted from the structured interview instrument (Table IV) and grouped into three categories according to the type of mental model they addressed, either Internet, Web browser, or search engine (the latter comprised questions from both the simple search and advanced search sections of the structured interview instrument). In each of these cases, having a better mental model was operationally defined by composite scores of 4 or greater on the questions corresponding to that mental model. Twenty-two of the 40 older participants had a better mental model of the Internet; 14 had a better mental model of Web browsers; and 14 had a better mental model of search engines.
To determine if goodness of mental model was reflected in performance, t-tests were conducted. Specifically, for each of the three measures of task performance, the impact on performance of each of the mental model categories was assessed where the two groups were defined based on whether the participant was in the better or worse group for that mental model category. The results of these tests, which are summarized in Table IX, indicated that the mental model of the Internet had the most impact on overall and simple task performance, while the search engine mental model had the most impact on performance of the complex problems.
DISCUSSION
Older adults have the potential to benefit tremendously from the vast stores of information on the Internet. With rising healthcare costs and an overloaded healthcare system, access to health-related information can empower older adults by enabling them to become better informed about their own health and healthcare choices. This, in turn, could impact their independence and well-being and thus have a substantial impact on their lives and on society as a whole. However, despite these potential benefits one should not lose sight of the fact that information seeking is an activity that places demands on many cognitive abilities, and the dynamics and processes of finding information are often obscure. For many older adults who possess limited knowledge concerning the Internet and search engine processes and who may also exhibit declines in cognitive abilities, Web-based information seeking can be an intimidating and frustrating experience.
The goals in this study were to examine the influence of various types of Internet-domain knowledge, cognitive abilities, and problem complexity on the Internet health information-seeking capabilities of older adults. An important overall finding was that knowledge of various aspects of the Internet, though necessary, was not sufficient in explaining information-seeking performance. As a general illustration of this point, consider those older participants with the five best total knowledge scores. Compared to these participants, the older participants with the five best overall performance scores had, on average, a lower total knowledge score (141.6 vs. 176.4). However, these five best performers had, on average, a much higher overall performance score (293.36 vs. 219.89). Thus, although having good knowledge was found to be strongly related to effective information seeking (Figure 2 ), other factors besides knowledge had an impact on information seeking.
In particular, a number of cognitive abilities were critical for task performance. Importantly, the data also indicated that the relationship between abilities and performance depended on problem complexity. For overall task performance, after accounting for individual differences in knowledge, significant predictors of performance were reasoning, working memory, and perceptual speed. For the complex problems, knowledge and working memory were significant predictors of performance. However, for simple problems, only reasoning ability was found to be a significant predictor of performance. Thus as problems become more complex, information-seeking performance appears to become more dependent on a combination of knowledge and abilities.
The importance of working memory in Web navigation has been noted in a number of studies [Kubeck et al. 1999; Laberge and Scialfa 2005] where both recall of where one is, planning of where one wants to go, and comprehension of information on Web pages need to be carried out more or less concurrently. The coordination of the processing and storage of information is a critical aspect of working memory activity [Salthouse and Babcock 1991] and, as implied in Figure 1 , can play an important role in keeping the user oriented during more complex information-seeking activities. With simpler problems, the emphasis may be on identifying relevant facets and ultimately search box terms that are more likely to map into immediately recognizable solutions. Therefore, for simpler problems that do not generate complex navigational behaviors, reasoning ability would likely be more important than working memory. However, for more complex problems, in addition to working memory, knowledge pertaining to search would also play an instrumental role with respect to the translation of facets into search box terms as implied in Figure 1 .
The finding that perceptual speed was predictive of the overall task performance measure, even after accounting for knowledge, reasoning, and working memory, is also not surprising. First, speed was one of the components of the task performance measure. Second, according to the model depicted in Figure 1 , a deficit in perceptual speed which is related to visual scanning ability, could adversely affect information seekers during the Results stage by decreasing the number of results and result pages that they would be able to process.
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It should also be noted that intuitively the identification of relevant facets or search terms would depend as well on verbal fluency and lifelong knowledge abilities. While these two latter abilities did not emerge as significant predictors of performance in the regression models, they were highly correlated with the performance measures as well as with reasoning ability. Thus their shared variance with reasoning ability would likely require much higher sample sizes for their effects to become manifest.
This study also incorporated the Group Embedded Figures Test to differentiate field dependent (FD) from field independent (FI) individuals. The results from this study were not consistent with findings that a field-independent cognitive style is associated with better search performance on Internet-based information-seeking tasks [Palmquist and Kim 2000] . The lack of sensitivity of this measure to performance in this study could be due to a number of factors, including reduced variability in this measure for the restricted age range comprising this sample of participants, or perhaps to the reduced influence of visual complexity when using powerful search engines for problem solving.
What the analyses in this study do suggest is that certain cognitive abilities, in particular reasoning, working memory, and perceptual speed, and to some extent verbal fluency, have a large impact on the extent to which older adults can negotiate the demands inherent in Internet information seeking. The importance of reasoning ability also suggests that with the powerful search engines currently available (such as Google), the crucial information-seeking skills may be shifting from navigation activities to translation of the problem into appropriate facets and discriminating useful from unhelpful results (Figure 1) .
With respect to knowledge, the data suggest that its role in information seeking varies with problem complexity. Specifically, the findings indicate that for complex problems, the most critical Internet domain knowledge is search knowledge, and in particular, advanced search knowledge (Table VII) . The mental model data are also consistent with this finding. As indicated in Table IX , good mental models of the Internet appear to support performance on simple problems, while there is a trend toward good search engine mental models supporting complex task performance. The latter result is consistent with findings from Borgman [1996] , which indicated that participants trained on an analogical model of an online search system showed better performance on complex problems compared to those who received procedural training. The ability for older adults to successfully negotiate more complex Web-based searches is crucial in light of the sheer quantity of health-related information on the Internet and the complex nature of health issues. Importantly, these results imply the need to incorporate knowledge related to search engines into instructional programs targeting older adults.
Another consideration in the relationship between knowledge and Internet information-seeking behavior is the role of structural knowledge. The findings of significant and positive correlations between Pathfinder similarity scores, the total knowledge score, and the individual knowledge domain scores imply that the more knowledge a participant had, the more organized that knowledge was, and are in line with other findings from other task domains (e.g., Conner et al. [2004] ). However, despite the rather impressive visual demonstrations of differences in knowledge organization provided by the Pathfinder network graphs (e.g., Figures 3(a) and 3(b) ), there were no significant correlations between the Pathfinder similarity scores and task performance by the older participants. Studies have found mixed relationships between Pathfinder similarity scores and performance (e.g., Wyman and Randel [1998] ; Dorsey et al. [1999] ). The absence in this study of stronger relationships to task performance may have been due to the specific set of concepts used in the pairwise comparisons (Table III) , which may not have been as relevant to informationseeking performance as were the declarative and procedural knowledge elements of the structured interview instrument.
Overall, it appears that while knowledge related to various aspects of the Internet is critical, what may be most crucial to performance is attaining some threshold of this knowledge; beyond this point the benefits in performance may derive from relatively undiminished functioning on key cognitive abilities. Further studies are necessary for clarifying the relative roles that knowledge and cognitive abilities play in the Internet information-seeking performance of older adults. In any case, it is important to note that there is no implication from this study that knowledge can compensate for widespread deficits in cognitive abilities or, conversely, that having good cognitive abilities can compensate for very poor knowledge.
On the practical side, the results suggest that instruction directed at the four domains of knowledge investigated in this study (with emphasis on search-related knowledge for more complex problems) could significantly enhance the older adult's ability to perform information searches on the Internet. In addition, training aimed at improving cognitive abilities such as reasoning, working memory, and perceptual speed, while more challenging, may also result in performance improvements. Evidence exists demonstrating the effectiveness of training interventions of this kind. Nyberg [2005] , in a review of cognitive training studies, concludes that there is "robust evidence for the potential for plasticity in older age" (p. 311). Working memory declines in older adults can also be compensated for by good Web designs, for example, designs that utilize dynamic navigational side-trees or breadcrumbs [Maldonado and Resnick 2002] .
A limitation of this study that should be noted was that measures of prior knowledge that participants may have had about the problem domains was not measured. This aspect of domain knowledge could encompass several areas, including general health literacy skills, knowledge of specific Web sites and their related Web addresses (URLs), and specific prior knowledge related to the content of each problem (e.g., flu shots). However, we intentionally designed the questions so that it would be difficult to identify a particular relevant URL. In addition, the participants were instructed that they could proceed directly to a Web site or Web page by using its URL rather than a search engine. As it turned out, the participants usually initiated their searches using the search engine. Also, having any specialist knowledge, for example, of wheelchairs or flu shots, would not have benefited their performance scores as these scores were based on their ability to find the correct information from the · 3: 23
Internet. Thus, while the lack of measuring problem domain knowledge was a limitation of this study, we did not feel that the lack of inclusion of this type of measure detracts from the study's results and the important implications of the findings.
In conclusion, our overall goal is to ensure that any adult, regardless of his or her age, computer, or information-seeking knowledge and expertise, is successful at finding useful information on the Internet in reasonable time no matter how difficult the nature of the information problem. However, Marchionini [2004] has voiced concern over precisely this kind of exalted goal and cautions information science against harboring unreasonable expectations. He states: (1) "Our expectations that people can find and understand information without thinking and investing effort are unreasonable"; and (2) "Our hopes that we can create systems (solutions) that 'do' IR for us are unreasonable" (slide 32). Instead, he argues for IR systems that evolve using the interactions of people with computers. Both entities would continuously learn and change by virtue of their symbiotic relationship, much as today's Google search engine evolves month-to-month by adding the intellectual investment of hundreds of employees who are dedicated to finetuning the system [Marchionini 2004 ].
